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ABSTRACT
Background: Circadian rhythm is a well recognized feature of patients with asthma characterized by a morn-
ing dip of the peak flow rate. However, evening dips of asthmatic patients have never been systematically stud-
ied．
Methods: We prospectively studied the frequency and clinical characteristics of asthma patients with evening
dips. The records of 229 patients for two months were analyzed．
Results: Fifty four patients (23.6%) had repeated evening dips. Comparison of the groups with or without eve-
ning dips revealed that the group of patients with evening dips were younger (mean age, 47.3) and had higher
asthma steps (mean 2.46) compared to the other group (56.2 and 1.93, respectively). Self-reported causes of
evening dips were related to work overload (24.1 %), exercise (9.3%), mental stress (7.4%), allergen exposure
(5.5%), cold air (3.7 %), alcohol (3.7%), and unknown (38.8%). Evening dips of peak flow are often related to
the daily activity of patients．
Conclusions: Detection of evening dips might be useful to give specific advices to the patients, and be helpful
for the prevention and control of asthma exacerbation．
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INTRODUCTION
It has been recognized that asthma is a cyclical condi-
tion,1,2 with the typical manifestations of asthma oc-
curring during night and early morning.3 Serial meas-
urements of peak expiratory flow (PEF) are widely
used in the clinical management of asthma to aid di-
agnosis, to assess severity, and to help identify pro-
vocative factors.4-8 It has been suggested that a diur-
nal variation in PEF of 20% or more identifies asth-
matic subjects.4 Asthmatic subjects with or without
regular inhaled treatment are reported to have mini-
mal PEF in the morning (from 4 : 00 to 10 : 00 de-
pending on their treatments) and maximum in the
late afternoon (from 15 : 00 to 17 : 00).3,9 Large diur-
nal changes in PEF or a large amplitude of “morning
dip” are known to be associated with severe attacks
of asthma and with increased mortality.8,10 The noc-
turnal worsening of asthma is reported to be linked
with the amplitude of the dip.11
Although it is well accepted that PEF may decrease
after exercise in patients with exercise induced
asthma, or after exposure to outside allergen, “eve-
ning dip” has never been systematically studied nor
has been established as a pattern of PEF. The hy-
pothesis of this study was that evening dip might be a
useful marker for screening provocation factors in pa-
tients with asthma. We examined serial PEF record-
ings in patients with asthma to study the frequency of
evening dip, their causes, and patient characteristics
with or without evening dips．
METHODS
SUBJECTS
We recruited 229 asthmatic subjects from consecu-
tively seen outpatients at Saitama Cardiovascular and
Respiratory Center . All asthmatic subjects fulfilled
the criteria of the Global Initiative for Asthma
(GINA). Baseline spirometric values were assessed
according to standardized criteria for all subjects .
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Fig. 1 Comparison of age and severity of asthma between asthma subjects with eve-
ning dips (n=54) and asthma subjects without evening dips (n=175). Severity of asthma 
was classified by GINA guideline.
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Table 1 Subjects Characteristics with or without Evening Dip in Asthmatics
Evening Dip (−)Evening Dip (＋)
175 (76.4%)54 (23.6%)Number
84/9122/32Male/Female
123/5237/17Atopic/Nonatopic
NS 11.2 ± 1.1 10.3 ± 1.4Duration of asthma
NS 94.0 ± 1.5 96.8 ± 2.4%FVC
NS 77.8 ± 2.3 81.1 ± 4.4%FEV1
NS 68.6 ± 1.8 70.4 ± 2.9FEV1/FVC (%)
NS 366 ± 9 373 ± 16Morning PEF
NS 384 ± 10 399 ± 15Evening PEF
p=0.0026 5.2 ± 0.3 6.9 ± 0.6Amplitude of PEF (%)
NS 0.93 ± 0.02 0.95 ± 0.02PFR, best/predicted
The study was approved by ethics committee of the
hospital, and all subjects gave informed consent．
PEF was recorded with Personal Best peak flow
meters (Respironics, NJ, USA). Each subject given a
peak flow meter was instructed in its use. All meas-
urements were made with the subject upright , and
we recorded the best of three maximal expirations
into the peak flow meter. All subjects were asked to
record their PEF at least twice a day, after waking in
the morning, before the use of any drug (7 : 00―9 :
00), and in the evening before the use of any drug
(17 : 00―19 : 00). They were asked to do the measure-
ment at the same time each day, and to record their
symptoms and daily events that might influence asth-
matic symptoms. These events included exercise, al-
lergen exposure, symptoms of cold, alcohol, mental
stress, and any other events that they thought might
influence their symptoms．
Asthma steps were determined by the GOLD
guideline.
ANALYSIS
All records of least two readings a day for two months
were analyzed.
The mean highest PEF and mean lowest PEF
throughout the study period were calculated for each
subject. The evening dip was defined as follows.
Evening dip : (morning reading) > (evening read-
ing), and (morning reading) − (evening reading) >
10% of the morning reading．
Evening dips were considered as significant if the
difference of the average evening reading of a week
without evening dips and the evening reading of the
day are more than 20% of the reading at morning.
The evening dipper group was defined as the sub-
jects who had evening dips repeatedly during the ob-
servation period. If reported events and evening dips
were repeatedly observed with the same timing ,
these events were judged as the causes of evening
dip.
CASE REPORTS
In case reports two records of asthmatics with typical
evening dip were analyzed.
Statistics
Demographic data for the subjects were expressed as
means and SE. The Mann-Whitney test was used for
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Table 2 Self Reported Trigger of Evening Dip 
Number (%)
21 ( 38.8%)Unknown
13 ( 24.1%)Work overload
 5 ( 9.3%)Exercise
 4 ( 7.4%)Walking/shopping
 4 ( 7.4%)Stress at work
 3 ( 5.5%)Alergen exposure
 2 ( 3.7%)Cold air
 2 ( 3.7%)Alcohol
comparisons between two groups. Levels of signifi-
cance were set at the 95% cut-off point. The program
used for the analyses was StatView 5.0 (Abacus Con-
cepts, Inc., Berkeley, CA, USA)．
RESULTS
MAIN STUDY
The records of 229 patients with asthma were ana-
lyzed. There were 55 patients (24.0%) with step 1, 112
patients (48.9%) with step 2, 53 patients (23.1%) with
step 3, and 8 patients (3.5%) with step 4．
Of these, 54 patients (23.6%) had repeated evening
dips and 175 patients (76.4%) did not have repeated
evening dips during the observation period . The
mean frequency of evening dips of the 54 patients
was 5.1 ± 1.1 per month. We therefore compared sub-
ject characteristics of these two groups ( Table 1 ).
There were no differences in percent predicted
forced vital capacity ( % FVC ) , percent predicted
forced expiratory volume in one second (%FEV1), or
best peak flow meter reading between theses groups.
However, the mean amplitude of daily PEF of the eve-
ning dip group was significantly higher than that of
the group without evening dips. There were also sig-
nificant differences in age and asthma step between
these groups (Fig. 1). In particular, 29 out of 76 pa-
tients (38.2%) aged under 50 years old had episodes
of evening dips. Records of the patients revealed that
33 subjects (61.1%) with evening dips thought that
their evening dips were related to daily events in
their life ( Table 2 )．
CASE REPORTS
A PEF record of 45-year-old housewife with bronchial
asthma is shown in Figure 2. Her asthma step was 3
with regular use of inhaled budesonide 800 μg per
day and inhaled salmeterol 50 μg twice a day. She
had evening dips after swimming, but she was not
aware of it because she did not have any wheezing.
She only felt wheezing only after a combination of
swimming and taking alcohol. This pattern of asthma
exacerbation was observed every week. Because of
the result of her PEF record, she was advised not to
drink after swimming and to use an inhaled bron-
chodilator before exercise. Her evening dip improved
after she followed the instructions.
Figure 3 shows a PEF record of a 36-year-old
woman with typical occupational asthma. She is an
agricultural instructor of local government. She had
evening dips only on days of field work. Her specific
IgE was strongly positive for several pollens. Based
on this PEF record she was permitted to change her
work position．
DISCUSSION
This study shows that 23.6% of asthma patients expe-
rience evening dips. Although PEF is widely used for
the control of asthma , this is the first prospective
study for evening dip (or late afternoon dip) in pa-
tients with asthma. It is well known that PEF reads a
maximum around 15 : 00 h to 17 : 00 h in patients
with asthma.3 The PEF dip around this time of the
day suggests the presence of factors that may dete-
riorate asthma control.
In case 1 the patient had not paid attention to eve-
ning dips after swimming, but her records suggested
that she had mild exercise induced asthma. More-
over, her records also showed that combination of ex-
ercise and drinking alcohol caused a much deeper
fall in PEF, and wheezing. This case is a typical exam-
ple of detection of evening dip being useful to give
specific suggestions to the patient. Case 2 was a typi-
cal occupational asthma, and the patient had evening
dips only on the day of field work. Venables et al. re-
ported the usefulness of monitoring of PEF in occu-
pational asthma.7 As introduced in GINA,12 they de-
scribed that “ special attention should be paid to
changes occurring inside and outside the workplace”.
However, they did not refer to evening dip as a fea-
ture of occupational asthma. They pointed out espe-
cially day-to-day changes , and that “ nocturnal or
early-morning asthma may occur after a shift of work-
ing with the causal agent”．
To the best of our knowledge, the term evening dip
appeared only in a few reports on another pur-
pose,13,14 and has never been studied as a research
theme in itself. Turner-Warwick proposed three pat-
terns of peak flow variation as follows, the brittle asth-
matics, the morning dipper, and the irreversible asth-
matics.15 The evening dipping described in the pre-
sent study was often observed in patients with persis-
tent asthma, but they are not necessarily brittle asth-
matics.
We set the timing of the PEF measurement accord-
ing to the times recommended by the GINA guide-
lines,11 i .e., immediately upon arising and 10 to 12
hours later, before and after using a bronchodilator.
However , the timing of PEF measurement in this
study is not equal to the reported timing of minimum
and maximum PEF.3 Therefore , amplitude of PEF
variation might be low in this study compared to pre-
vious reports.1,9 In this study, we determined evening
dip as more than a 10% decrease from the morning re-
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Fig. 2 Peak flow record of a 45-year-old woman with step 3 asthma. She had 
evening dips every after swimming, but she had symptoms of asthma only after 
swimming and drinking alcohol. 
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Fig. 3 Peak flow record of 36-year-old woman with typical occupational 
asthma. She is an agricultural instructor of local government. Her specific 
IgE was strongly positive for several polens
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cord because the variability of PEF is reported to be
less than 5―10% in most of the commercially available
peak flow meters including Personal Best . 16,17 The
definition of evening dip needs to be determined in
future studies.
Concerning morning dip and evening dip, the for-
mer is a characteristic of patients with asthma, and is
considered as a marker of nocturnal asthma . 10 A
large morning dip amplitude is closely related to poor
asthma control. A previous report revealed that aged
patients are at higher risk of nocturnal exacerbation
and morning dip.18 On the other hand, although pa-
tients with evening dip were associated with a high
amplitude of PEF and severity of asthma, evening dip
was more often observed in socially and physically ac-
tive patients than in aged patients.
One limitation of this study is that the trigger of
evening dip is based on self-reports by question-
naires. The triggers were not checked by challenge
tests . To avoid overestimation of the triggers we
checked the reproducibility of the relationship be-
tween events and the evening dips. Although inter-
pretation of triggers identified in this study is limited,
our results suggest that causes of evening dip are
mostly related to life styles such as work overload,
exercise or stresse. The causes of evening dip might
explain why relatively young adult asthmatics have
more evening dips than older patients．
We can not exclude the possibility that treatments
of bronchial asthma may affect the circadian rhythm
of PEF. However , it is less likely that these treat-
ments changed the fundamental rhythm of PEF. Pre-
vious studies showed that anti-inflammatory treat-
ment such as inhaled steroids or bronchodilators do
not change the acrophase of PEF.19,20
In conclusion, evening dip is often associated with
the daily activities of socially or physically active
asthma patients. Medical specialists can give specific
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advice to their patients and check its effectiveness by
the PEF records. The definition of evening dip has
not yet been firmly established, however, the detec-
tion of evening dip might be useful in an asthma edu-
cation program.
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